T UBERCULOSIS (TB) REMAINS THE leading cause of infectious disease death among adults worldwide. 1 In recent years, drugresistant TB has emerged as an expanding threat, with an estimated 489 000 new cases in 2006. 2, 3 Treatment of multidrug-resistant TB (MDR-TB) is more than 100 times as costly as treatment of drug-susceptible TB, requiring intensive case management for its prolonged (18-24 months) and more toxic treatment course. [4] [5] [6] [7] [8] Although treatment success rates of 40% to 80% have been observed in a number of settings, this remains lower than the 85% to 99% cure rates achievable for drugsusceptible TB. 1, 4, [8] [9] [10] With growing numbers of MDR-TB cases worldwide, use of second-line TB drugs has increased without a concomitant strengthening of TB control programs to provide them in a safe and effective manner. As a result, TB cases with even greater drug resistance have emerged. [11] [12] [13] [14] [15] In 2005, a global survey of supranational reference laboratories defined a new TB disease category, termed extensively drugresistant TB (XDR-TB), and determined that XDR-TB cases had emerged in all regions of the world. 16 Initial reports found that treatment outcomes were poor among patients with XDR-TB, especially in settings of high human immunodeficiency virus (HIV) prevalence. [17] [18] [19] [20] [21] Although XDR-TB has now been reported in 49 countries worldwide, 22 systematic data on the epidemiology of this disease remain limited and most reports focus on populations from special surveys or referral populations. Accurate determination of the burden of this disease is a critical first step in understanding its epidemiology and in planning an effective response. Without adequate programmatic and patient support, the greater complexity of drugresistant TB treatment and increased use of second-line drugs may result in emergence of TB strains with resistance to all known drugs. 23 This has already been documented in some settings. 16, 24 In the United States, defining the scope of the XDR-TB epidemic and describing its epidemiology is important for health care professionals, public health programs, and policy makers. Identifying unique factors among patients with XDR-TB will aid clinicians in making evidence-based decisions about which patients are at greatest risk of developing such highly drugresistant forms of TB. This may enable earlier diagnosis, implementation of appropriate infection control measures, and initiation of early, aggressive treatment, critical steps in improving patient outcomes and curbing transmission. [25] [26] [27] [28] The availability of and access to a greater number of TB drugs in the United States should allow for better treatment success rates compared with resource-limited settings, where the prognosis may be far worse. Knowledge of the response to treatment and survival among patients with XDR-TB in the United States will assist in providing accurate information to patients and the public.
We analyzed 15 years of national surveillance data to describe XDR-TB cases.
In an effort to more accurately determine disease burden, we considered all reported drug susceptibility test results for case counting and analysis of trends. To identify distinct features of XDR-TB, we compared the epidemiologic and clinical characteristics, treatment outcomes, and survival of XDR-TB cases with both MDR-TB and fully drug-susceptible TB cases.
METHODS

Case Reporting
This analysis was based on all cultureconfirmed cases reported by the 50 states and the District of Columbia from 1993 through 2007. Local health departments verify and report incident cases of TB diagnosed within their jurisdiction to state health departments. States compile and transmit these data to the Centers for Disease Control and Prevention (CDC) using a standardized case report form. 29 The national TB surveillance system has been evaluated and captures information on nearly all TB cases diagnosed in the United States. 30, 31 The TB case reports include both the initial and follow-up drug susceptibility test results along with demographic and clinical information. The initial drug susceptibility test result is based on the first positive culture (sputum or other body fluid/tissue). The follow-up drug susceptibility test result is based on a specimen collected at least 30 days after the initial specimen. The reporting format for drug susceptibility test results includes recording options for 14 specific drugs as resistant, susceptible, not done, or unknown.
The TB case reports record HIV status as positive, negative, or unknown (including cases who were not offered or refused testing and those with indeterminate or missing results). Reporting of HIV status for California TB cases differs from other states and is based on annual matching of the TB and AIDS registries. Patients whose names appear on both TB and AIDS registries are reported to the US National TB Surveillance System as having AIDS. All other California TB cases have unknown HIV status (ie, HIV-negative test results and HIV-positive cases who do not appear on the AIDS registry are not reported). This process delays HIV data from California by approximately 2 years (California HIV data for this analysis are considered complete through 2004). Case reports do not include information about CD4 Tlymphocyte count, HIV viral load, or antiretroviral treatment.
Case Definitions
A drug-susceptible TB case was defined as a person in whom both an initial and a follow-up (if available) drug susceptibility test result was reported as susceptible to isoniazid and a rifamycin (rifampin or rifabutin). An MDR-TB case was defined as a person with reported resistance to at least isoniazid and a rifamycin, excluding cases in the subset confirmed to have XDR-TB. Multidrug-resistant TB cases who had resistance to a fluoroquinolone and a second-line injectable drug were defined as XDR-TB cases. Cases with other resistance patterns (eg, isoniazid monoresistance, rifampin monoresistance, or polyresistance other than MDR-TB) were excluded.
We included rifamycins as a class in our case definition of MDR-TB and XDR-TB. Although testing for rifampin susceptibility is a routine part of first-line drug susceptibility panels in the United States, these results were reported as unknown or missing in a subset of TB cases in whom rifabutin susceptibility results were available. Cross-resistance among different rifamycins is nearly 100%. We also included results of initial and follow-up drug susceptibility testing in case counts.
Main Outcome Measures
To understand epidemiologic and clinical differences among XDR-TB cases, we compared them with MDR-TB and drug-susceptible TB cases. We evaluated sociodemographic characteristics, prior TB, HIV status, extent of TB disease, chest radiography result, sputum smear result, and vital status at the time of TB diagnosis.
Reporting of patient outcomes is delayed by approximately 2 years from the time a case is reported in part because of the length of treatment (approximately 6-9 months for drug-susceptible TB and 24 months for MDR-TB and XDR-TB). Thus, for analysis of treatment outcomes (including sputum culture conversion and survival), the data were restricted to the subset of cases who were alive at the time of diagnosis, who started anti-TB therapy, and who were reported initially from 1993 through 2005.
In the US National TB Surveillance System, treatment outcomes are reported as the reason for stopping treatment. This was categorized as "completed treatment" (regardless of length of time), "died" (includes death during treatment, irrespective of cause), and "all other" (includes cases who moved, were lost, were uncooperative or refused, or had some other reason to stop therapy).
For sputum culture conversion, the data were restricted further to cases with a positive baseline sputum culture. Time to conversion was the difference EXTENSIVELY DRUG-RESISTANT TUBERCULOSIS IN THE UNITED STATES in days between the date of starting treatment and the specimen collection date of the first negative sputum culture (defined as 1 or more consistently negative sputum cultures). Cases with missing date of starting treatment or date of culture conversion were excluded from the calculation of time to conversion.
Survival time in days was the difference between the treatment start and stop dates. Cases who died before therapy started were not included. Cases who had not yet completed therapy (eg, MDR-TB or XDR-TB cases from recent years) were censored at the date this data set was closed (April 23, 2008).
Statistical Analysis
We compared the frequency distributions of XDR-TB cases, MDR-TB cases, and drug-susceptible TB cases across levels of categorical variables using conventional 2-way contingency tables. We calculated prevalence ratios (PRs) and 95% confidence intervals (CIs) for all comparisons as the percentage of cases with a specific characteristic who had XDR-TB (vs MDR-TB) divided by the percentage of cases who did not have the characteristic. 32 The same calculation was used for PRs of XDR-TB compared with drug-susceptible TB cases. The 2 test was used to compare proportions. Tests of significance were 2-sided, and PϽ.05 was considered statistically significant.
For continuous variables, we compared means (standard deviations) and/or medians (percentiles) depending on the underlying distributions. For comparison of unadjusted survival rates, we used Kaplan-Meier and actuarial life table methods, stratifying by drug resistance group. Kaplan-Meier survival curves were compared using the logrank test. Death was the event variable and other outcomes were censored. All analysis was done using SAS software, version 9.1 (Cary, North Carolina).
This project was reviewed by the CDC and approved as public health surveillance, which is exempt from human subjects review and does not require informed consent.
RESULTS
Case Estimates and Trends
From 1993 to 2007, a total of 212 896 culture-confirmed TB cases were reported in the United States, of which 201 399 (95%) had drug susceptibility test results reported for isoniazid and a rifamycin. A total of 183 536 cases met the study case definition for drugsusceptible TB. There were 3379 cases with resistance to at least isoniazid and a rifamycin (ie, MDR-TB), of which 2087 (62%) also had enough drug susceptibility test results reported to evaluate for a diagnosis of XDR-TB (ie, tested for Ն1 fluoroquinolone and Ն1 secondline injectable drug). Ultimately, 83 of these cases met criteria for XDR-TB (0.04% of 201 399 with reported drug susceptibility results; 2.5% of 3379 MDR-TB cases; and 3.9% of 2087 evaluable MDR-TB cases with sufficient reported second-line drug susceptibility results). Of these 83 cases of XDR-TB, 49 were included in a previous report. 33 We excluded 14 484 cases with other drug resistance patterns.
The annual number of XDR-TB cases decreased from 18 (in 1993) to 2 (in 1997) and has fluctuated around a median of 3.5 cases per year over the past decade ( 2 test for linear trend, 2.46; P=.12) (FIGURE 1). Of 40 XDR-TB cases reported during 1993-1997, 25 (62%) were known to be HIV-infected. During 1998-2007, only 6 (14%) of 43 XDR-TB cases were known to be HIVinfected (PϽ.001).
Sociodemographic Characteristics
Of the 83 XDR-TB cases, the majority were aged 25 to 44 years (n=48 [58%]), male (n = 53 [64%]), US-born (n = 45 [54%]), and unemployed (n=44 [53%]) (TABLE 1). Thirty-three XDR-TB cases (40%) were Hispanic. Three cases (4%) occurred among health care workers.
Sociodemographic characteristics did not differ between XDR-TB and MDR-TB cases (Table 1) . However, compared with drug-susceptible TB cases, XDR-TB cases were significantly less likely to be in the older age groups (PR, 0.45; 95% CI, 0.26-0.78 for age 45-64 years; PR, 0.28; 95% CI, 0.14-0.57 for age Ն65 years). Extensively drug-resistant TB cases were more likely to be Hispanic (PR, 2.16; 95% CI, 1.19-3.93) and correctional facility residents (PR, 2.35; 95% CI, 1.08-5.10) compared with drug-susceptible TB cases.
Clinical Characteristics
Ten XDR-TB cases (12%) reported a previous diagnosis of TB compared with 570 MDR-TB cases (17%) and 8667 drug-susceptible TB cases (5%) (PR, Case counts are likely to be incomplete for later years because of delays in reporting final drug susceptibility testing results, which are reported only after treatment has stopped. The duration of treatment for XDR-TB cases may be 24 months or more, so results are considered complete through 2005. 2 Test for linear trend, 2.46 (P=.12). a Statistically significant at P Ͻ .01. b One XDR-TB case (1%), 49 MDR-TB cases (1%), and 4412 drug-susceptible TB cases (2%) were American Indian/Native Alaskan, Native Hawaiian/Pacific Islander, or had multiple or unknown/missing racial/ethnic designations. c Nationality was unknown or missing for 1 XDR-TB case (1%), 16 MDR-TB cases (Ͻ1%), and 943 drug-susceptible TB cases (1%). d Occupation was unknown or missing for 16 XDR-TB cases (19%), 628 MDR-TB cases (19%), and 2166 drug-susceptible TB cases (12%). e Cases with any type of known employment are the reference group. f Cases with other, non-high-risk employment are the reference group. This excludes correctional facility employees (n = 221) and migrant workers (n = 2104). g Correctional facility residence history was unknown or missing for 41 MDR-TB cases (1%) and 1619 drug-susceptible TB cases (1%). Cases without reported correctional facility residence history are the reference group. h Homelessness history was unknown or missing for 18 XDR-TB cases (22%), 453 MDR-TB cases (14%), and 9764 drug-susceptible TB cases (5%). Cases without reported homelessness history are the reference group. (%) unless otherwise specified. c DOT information was missing for 1 XDR-TB case (1%), 94 MDR-TB cases (3%), and 3101 drug-susceptible TB cases (2%). d Statistically significant at P Յ .02 e Number and percentage are based on cases with baseline positive sputum culture result (n = 61 for XDR-TB, n=2461 for MDR-TB, and n=113 998 for drug-susceptible TB).
EXTENSIVELY DRUG-RESISTANT TUBERCULOSIS IN THE UNITED STATES
Cases with sputum culture conversion reported as "no" are the reference group. Culture conversion results were unknown or missing for 0 XDR-TB cases, 124 MDR-TB cases (4%), and 3604 drug-susceptible cases (3%). f Time to conversion is defined as the time from TB treatment start to the first negative culture, after which there were no further positive cultures. Median time is based on cases with sputum culture conversion documented (provided above) and in whom date of culture conversion was reported (n = 39 XDR-TB cases, n=1789 MDR-TB cases, and n=84 387 drug-susceptible TB cases). The Wilcoxon test was used to compare medians, and P values are reported. g Treatment outcome is recorded as the reason a patient stopped TB therapy. Death may include patients who died of causes not related to TB disease. h Includes cases who moved, were lost, were uncooperative or refused, or had some other reason to stop therapy.
©2008 American Medical Association. All rights reserved. pared with both MDR-TB cases (P=.04) and drug-susceptible TB cases (P Ͻ.001). Within 1 year, 17 XDR-TB cases (23%) had died during treatment compared with 502 MDR-TB cases (17%; P=.22) and 15 543 drugsusceptible TB cases (10%; P Ͻ.001).
Acquired Resistance
Of the 83 XDR-TB cases, 55 were identified based on the first positive culture and 28 more from a follow-up culture and drug susceptibility test result, indicating the possibility of acquired resistance during treatment. In 21 of the 28 cases, intial drug susceptibility results showed susceptibility and follow-up results showed resistance to the same drug (ie, one of the drugs included in the definition of XDR-TB). Comparing these 2 groups of XDR-TB cases, there were no significant differences in most sociodemographic characteristics (including sex, race/ ethnicity, prior TB, correctional or longterm care facility residence, injecting drug or excess alcohol use, unemployment, and health care worker status), clinical characteristics (including extent of disease, sputum smear or chest radiography result, cavitary disease, and HIV status), and outcomes (including sputum culture conversion and treatment completion).
However, acquired XDR-TB cases were more likely to be US-born (PR, 2.47; 95% CI, 1.18-5.15), to have received treatment under partial rather than total directly observed therapy (PR, 6.55; 95% CI, 2.18-19.65), and to die during treatment (PR, 1.83; 95% CI, 1.03-3.27).
COMMENT
This study provides the first comprehensive assessment of the burden of XDR-TB in the United States and represents 15 years of surveillance data from the beginning of TB drug resistance surveillance in 1993. From 1993 through 2007, there have been 83 cases of XDR-TB, accounting for 0.04% of all culture-confirmed TB cases with reported drug susceptibility results that occurred in the United States. Although the number of cases has declined since 1993, XDR-TB cases continue to occur each year.
The emergence of XDR-TB globally has raised concern about a return to the preantibiotic era in TB control, since XDR-TB cases face limited therapeutic options and consequently have poor treatment outcomes and high mortality. 17, 19, 34 In this study, we similarly found that outcomes were significantly worse for XDR-TB cases compared with MDR-TB and drugsusceptible TB cases. Death rates were nearly 2 times greater than among MDR-TB cases and more than 6 times greater than among drug-susceptible TB cases. Infection with HIV played an important role in both the occurrence and the outcomes of XDR-TB cases, consistent with prior reports. 17 Human immunodeficiency virus-infected patients had higher death rates than HIVuninfected patients and accounted for most but not all XDR-TB deaths. Most deaths occurred prior to the widespread implementation of highly active antiretroviral therapy in the United States in the late 1990s. Indeed, im- -susceptible TB  156 533 119 806  24 202  7027  3059  1827  2148  1538  1406  MDR-TB  2914  2357  1953  1588  907  244  354  163  132  XDR-TB  75  55  41  33  29  6  13 3 2
Among patients included in the survival analysis, there were 26 deaths (35%) in the extensively drug-resistant tuberculosis (XDR-TB) group, 707 deaths (24%) in the (MDR-TB) group, and 16 398 deaths (11%) in the drug-susceptible TB group. Survival curves were compared using the log-rank test (P=.04 for XDR-TB vs MDR-TB and PϽ.001 for XDR-TB vs drug-susceptible TB). Numbers differ slightly from Table 3 because patients with missing data for start or end dates were excluded from the survival analysis.
provements in both HIV care and TB control in the United States have improved outcomes for coinfected patients, with death rates for TB/HIVcoinfected patients declining by more than 50% from 1993 to 2002. 35 This is likely to contribute to better outcomes observed in this study compared with resource-limited settings. Strengthening both HIV and TB programs locally and globally through improved prevention, diagnosis, and treatment will be necessary to improve XDR-TB outcomes given the inextricable links between the 2 diseases. 36 We identified important differences between XDR-TB cases and patients with MDR-TB and drug-susceptible TB that may have affected the course of disease and have implications for case management. Extensively drugresistant TB cases were more likely to be infectious, with 74% having positive sputum smear results for acid-fast bacilli. In addition, the higher prevalence of disseminated disease among XDR-TB cases may indicate delays in diagnosis, longer duration of disease, greater virulence of XDR-TB strains, or a more immunocompromised state (not limited to HIV infection) among patients. The prolonged infectious period of approximately 6 months until sputum culture conversion underscores the urgent need for improving the prevention, diagnosis, and treatment of XDR-TB, as well as infection control measures.
We found that suboptimal treatment supervision by TB programs may be one modifiable factor that contributed to poor outcomes. Only onethird of XDR-TB patients received directly observed therapy throughout treatment, while the remainder had only partial or no supervision of therapy. Incomplete treatment and incomplete supervision of XDR-TB reflects a public health failure, which may have led to increased risk of acquiring more drug resistance (through amplification) 37, 38 and ongoing transmission of XDR-TB to others. In this study, the change from susceptible to resistant was documented in 21 (75%) of 28 XDR-TB cases diagnosed on follow-up testing, suggesting possible selection for additional drug resistance during treatment. Although 44% of XDR-TB cases completed treatment, an aggressive approach to XDR-TB treatment has been observed to yield cure rates of 60% among HIV-negative patients, similar to what is achievable in MDR-TB patients. 26 Ensuring sufficient resources, training, and supervision for appropriate TB treatment should be a priority to prevent and control drug-resistant TB.
This study introduces 2 methodological advances in reporting surveillance data. First, it applies the concept of classwide cross-resistance among rifamycins to the case definitions. Rifabutin has an established role in TB treatment among HIV-coinfected patients receiving protease inhibitors. 36 Because resistance to rifabutin eliminates rifampin as a treatment option, we included patients with resistance to either rifamycin in case counts of MDR-TB and XDR-TB. Other settings that routinely test for rifabutin drug susceptibility should be encouraged to do the same. Second, this study extends the case definition to include all reported drug susceptibility test results, regardless of whether it was the initial or a subsequent sample, to provide a more realistic estimate of the actual number of MDR-TB and XDR-TB patients in the United States.
This study has several limitations. Drug susceptibility testing for secondline drugs is not routine. The Clinical and Laboratory Standards Institute recommends testing for a full panel of firstand second-line drugs for all isolates with resistance to rifampin or any 2 anti-TB drugs. 39 However, only 61% of MDR-TB cases had enough drug susceptibility test results reported to be able to identify an XDR-TB case if it had occurred. Multidrug-resistant TB cases who undergo second-line drug susceptibility testing may differ in substantial ways from cases who were not tested, and selection bias may have occurred. Thus, among the remaining 39% of MDR-TB cases, it is not possible to estimate the number of XDR-TB cases that were undiagnosed. The number of XDR-TB cases in this study may still underestimate the true burden of this disease in the United States but it is based on the most complete analysis possible with currently available national data.
Detailed TB treatment history, exposure history, and genotyping data are not included in case reporting, so it is undeterminable whether XDR-TB was due to primary vs acquired drug resistance. Acquired resistance followed by transmission of drug-resistant strains to others are projected to result in large increases in MDR-TB and XDR-TB cases. 28, 40 The relative importance of XDR-TB transmission in the United States compared with the emergence of XDR-TB as a consequence of inadequate treatment needs to be determined. 37, 38 Human immunodeficiency virus status was not known for 45% of XDR-TB cases. Although HIV testing and reporting has increased steadily since 1993, 35 the number of XDR-TB cases has declined during this same period. Personal identifiers are not reported to the CDC, so follow-up with clinicians to obtain more detailed clinical information (including HIV status) is not possible.
Important changes to TB therapy are likely to be made once drug susceptibility test results are available to clinicians and MDR-TB or XDR-TB is diagnosed. However, only the initial treatment regimen at the time of TB diagnosis is reported in our surveillance system. Thus, we were not able to include information about the treatment regimen in our analysis of outcomes. However, the CDC has launched an MDR/XDR-TB registry to collect information on the regimen prescribed at the time of TB diagnosis, the regimen at MDR-TB diagnosis, and the regimen at XDR-TB diagnosis to investigate this further.
Extensively drug-resistant TB has raised awareness and concern about incurable forms of TB and provides an important opportunity to mobilize ef-forts to improve TB control. Preventing the further emergence of drug resistance is paramount and must include not only TB program strengthening to ensure that patients complete their treatment regimen but also general health system interventions to improve infection control. Greater vigilance regarding drug resistance must include systematic second-line drug susceptibility testing according to published guidelines. Lessons gained from MDR-TB in the 1990s should be applied: Patients must be identified early, treated effectively, and assisted to complete treatment, and infection control precautions must be in place to prevent further emergence and transmission of XDR-TB.
